Abstract. The applicability of β− β− glucuronidase and chloramphenicol acetyltransferase reporter genes to a carnation (Dianthus caryophyllus L.) transformation procedure, was analyzed. Transgenic tobacco (Nicotiana tabacum L.) plants expressing the respective reporter genes were prepared and used as the enzyme source. Carnation leaf extract strongly inhibited enzymatic activity of β− β− glucuronidase, but not that of chloramphenicol acetyltransferase. One or more carnation phenolic compounds, acting in a noncompetitive manner, is suggested as the cause of the observed inhibition of fluorometrically assayed β− β− glucuronidase activity. This inhibition was eliminated by treating the carnation leaf extract with polyvinylpolypyrrolidone.
Carnation is one of the major contributors to the cut-flower market worldwide and therefore has been an important target for the classical breeding of new varieties with novel characteristics. Recently, a particularly attractive methodology for introducing new plant characteristics has been developed: the use of genetic transformation systems, which already has had a large impact on breeding new plant types. Transgenic plants with herbicide resistance, resistance to viral infection, tolerance to insects, and novel flower colors have been produced (Carlton, 1990; Clark et al., 1990; Dekeyser et al., 1990; Meyer et al., 1987; Mol et al., 1990) . However, efficient transformation systems have been developed only for a handful of species. Systems for transforming cut flowers of major importance to the ornamental industry, such as carnation and rose, are being developed currently (Lu et al., 1991 (Lu et al., , 1992 .
Transformation systems are established based on the availability of storable and selectable marker genes. Genes coding for β− glucuronidase (GUS) and chloramphenicol acetyltransferase (CAT) are among the most useful reporter genes (Herrera-Estrella et al., 1988; Jefferson, 1987; Jefferson et al., 1987) . The superiority of GUS over other storable marker genes lies in the simplicity and accuracy with which its level of expression can be (Jefferson, 1987; Jefferson et al., 1987) . Since plant metabolic and structural activities can affect foreign gene expression (Plegt and Bino, 1989) , or compounds inhibiting foreign enzyme activity can be present (Fromm et al., 1987) , we analyzed the applicability of GUS and CAT reporter genes to carnation transformation. A study of the factors in carnation leaf extract responsible for the inhibition of GUS but not CAT activity is presented. An optimized GUS activity assay that eliminates the effect of these factors is presented also.
Plant material and transformation. Tobacco var. SR-I and 'White Sire', 'Rubina', and 'Sandrosa' carnation plants were grown in a glasshouse at 18 to 25C under natural photoperiod. Tobacco plants transformed with bacterial GUS or CAT genes were obtained using disarmed Agrobacterium tumefaciens binary vectors LBA4404(pBI121) (gift of M. Volokita, the Weizmann Institute of Science, Israel) or EHA101(p35S-GA492) (gift of M.
Marikovsky and R. Fluhr, the Weizmann Institute of Science), respectively (An, 1986; Hood et al., 1986; Jefferson et al., 1987) . GUS and CAT reporter genes were controlled by the cauliflower mosaic virus 35S promoter. In addition to either GUS or CAT reporter genes, both binary vector plasmids carried an NPTII gene controlled by a nopaline synthase promoter. Tobacco leaf disk transformation with these binary vectors was performed as described in Horsh et al. (1985) . Transformed tobacco plants were selected on a medium containing 300 mg kanamycin/ml. To obtain control, mock-transfected tobacco plant leaf disks were treated as above, except that Agrobacterium was omitted, and regenerants were grown on a medium without kanamycin.
Enzymatic activity measurements. Young leaf tissue from carnation or tobacco (50 mg fresh weight) was homogenized by freezing in liquid nitrogen and grinding with a mortar and pestle. The homogenate was extracted, and following centrifugation (8000× g, 5 min), aliquots of the extracts were assayed fluorometrically for GUS , or chromatographically for CAT (German et al., 1982) activities, using 1 mM 4-methylumbelliferyl glucuronide (MUG) or 0.6 µCi (1 Ci = 37 GBq) [
14 C] -labeled chloramphenicol (53 mCi/mmol), respectively. When indicated, an additional 100 µl of plant leaf extract (obtained as above) was added to the GUS or CAT assay mixtures. The final volumes were kept constant for all assays, i.e., 2 ml for GUS and 225 µl for CAT. The kinetics of GUS activity were analyzed at 37C with 100-µl aliquots of the reaction mixture . To remove GUSinhibiting components, 10 mg of insoluble polyvinylpolypyrrolidone (PVPP) was added to 200 µl of plant leaf extract. Following 1 min of vortexing, PVPP was removed by centrifugation (5000× g, 1 min), and the supernatant was assayed for GUS activity as described above. Each experiment was performed three times, using three replicates per experiment.
The effect of carnation leaf extract on GUS and CAT activities. Adding 'White Sim' car-nation leaf extract to the leaf extract from a tobacco plant transformed with 35S-GUS resulted in an apparent inhibition of GUS activity (Fig. 1A) . Adding leaf extracts from 'Rubina' and 'Sandrosa' carnation produced identical inhibition patterns (data not shown). Only a slight reduction in GUS activity was detected when leaf extract from control mocktransfected tobacco was added (Fig. 1B) . The CAT activity of 35S-CAT tobacco leaf extract was affected only slightly when assayed in the presence of either carnation or mock-transfected tobacco leaf extracts (Fig. 1) . These results indicate the specific GUS activity inhibition by carnation leaf extract, rather than a general inhibition of foreign enzyme activity. No intrinsic GUS or CAT activity was detected in the leaf extracts of either carnation or mock-transfected tobacco plants (data not shown).
Carnation compound(s) responsible for GUS activity inhibition.
To determine the cause of GUS activity inhibition by carnation leaf extract, we measured the pH of the reaction mixture in the presence and absence of the extract. In both cases, the pH was 6.6, which is within the optimal enzyme activity assay range . The substrate also was not found to be a limiting factor increased MUG concentrations in the reaction mixture had no effect on reaction rate (data not shown). Therefore, the reaction conditions apparently were not responsible for the observed carnation-induced GUS activity inhibition. GUS activity inhibition was found to be noncompetitive (Fig. 2) , as determined from a Lineweaver-Burk plot, described in Hammes (1982) . The Km was calculated to be 0.5 mM, which is similar to that found for this enzyme from mammalian sources (Frederick et al., 1978) . The carnation leaf extract could have been affecting the reaction product, 4-methylumbelliferone (MU), thereby causing the observed inhibition of GUS activity. To rule out this possibility, carnation leaf extract was added to the reaction mixture 10 min into the reaction. The fluorescent signal was measured immediately and was found to be essentially identical to the signal detected in the absence of carnation leaf extract. Also, the reaction rate was not affected by the time the carnation leaf extract was added, indicating that the extract was not acting on MU accumulated before addition (Fig. 3) . Boiling the carnation leaf extract before adding it to the GUS reaction mixture did not influence its inhibitory effect (Fig. 3) , suggesting that the compounds in the carnation extract responsible for inhibiting GUS activity were not proteinaceous.
Treating the carnation leaf extract with PVPP before adding leaf extract to the reaction mixture eliminated its inhibitory effect (Fig. 3) . Also, treating 35S-GUS tobacco leaf extract with PVPP had almost no effect on GUS activity. These results suggest that at least one phenolic compound present in the carnation leaf extract is involved in GUS activity inhibition, since PVPP is known to absorb phenols specifically (Loomis, 1974) . Further, the activity of an enzyme native to carnation has been shown to be inhibited by a carnation phenolic compound (Shih et al., 1989) . Also, Jefferson (1987) suggested that PVPP can be used to extract plant tissues containing high levels of polyphenols.
Results of the present study suggest that at least one compound in carnation leaf extract, most probably phenolic in nature, strongly inhibits GUS but not CAT activity. Treating the carnation leaf extract with PVPP eliminates this inhibition. We, therefore, recommend the PVPP treatment step as a routine procedure in fluorometric GUS activity measurements, where a carnation transformation procedure is to be established using the GUS reporter gene. Since CAT activity was found to be almost unaffected by the carnation leaf extract, the use of CAT rather than GUS reporter genes may prove advantageous in establishing an efficient carnation transformation system. However, the pattern of GUS or CAT activity in vivo in transgenic carnation may differ from that of the in vitro pattern presented here.
